AD-A149 575

UNCLRSSIFIED

COOPER RIVER REDIVERSION PROJECT LAKE MOULTRIE AND
SANTEE RIVER SOUTH CAR._. CU) CORPS OF ENGINEERS

CHARLESTON SC CHARLESTON DISTRICT

C A SPIERS OCT 75
F/G 8/8




L a .
"

y —— B Agn Jagh Siati 2 et S ek St Bh St M s YAV SR ACE A T I

bl 2 X
ot
== c . 22

—
.
—

r

r

rr

L © e

s

L2s flig e

MICROCOPY RESOLUTION TEST CHART

NATIGNA. KUKESU 18 STANGARGS e

.
- s

v rovoey
et




T LY
.....

ﬁ] — R R
=k =
@ COOPER RIVER REDIVERSION PROJECT U~ |
LAKE MOULTRIE AND SANTEE RIVER . .1
SOUTH CAROLINA S 1
B
o o
iil THE EFFECT OF THE COOPER RIVER REDIVERSION CANAL o
(e ON THE GROUND-WATER REGIMEN * o
B OF THE ST. STEPHEN AREA, SOUTH CAROLINA
(o)) ,
S_ Prepared by ’ . ]
< U S GEOLOGICAL SURVEY WATER RESOURCES DIVISION L
| COLUMBIA. SOUTH CAROLINA
2 T e e
| ;-: 
[ o ‘ ]
| o
| | '_
. ° o
' e o -—ﬂ
i U.S. ARMY ENGINEER DISTRICT, CHARLESTON o
'y CORPS OF ENGINEERS J .« o]
f E Charleston, Scuth Carolina ; P
| OCTOBER 1975 - | -
‘El@ COPY NO. o ° o
ol - |
85 I 5
v | - " ® e® e " @ L4 L4 g L L L4 ] L
. . - . SRR i oA




-——————e .

SAUGE=F 9 Jannary 19/6

SUBJECT: Groundwater Report by U.5.0.S5., Cooper Kiver dediversion
Project

Diviglon wiy;laecr, South Atlantic
ATTH:  SALLLL-GK

1. Transmitted for raview is the sroject Groundvater lliport cuticleld,
"Tita Lffect of the Cooper tiver Hediversion Cacal on the Grouawvater
Rapluen of the St. Stephan Area, Joutih Carolima'’, The reuporu uag
prenarad for the Corng by tle vator csources Division of the ii. .
Ceolopical Suxvey 1in Coluxbia, Soatn (arolina.

2. A system of obacrvatiou wells was installed rt the prodecr gfte
during tiie crouundwater gtudv, It 1s prosently pl-nvad to Dove b, 5.
collect water level data mouti:ily from the well ssste: {or annueal voo-
portineg. Tie anuual roports, faclullinrs the Jurvary's ovaluntion o)
sinuificcat projece sroundwater impacts akown by tue well data, will
be aubuiited anpuaily as suppleneats to the subject report,

3. Vork 48 presently underway oun tha vell fnventorv lot g acie et
for comnletion durinz tiids fiscal year (IY 76). Inventory datn i;
beiug collucted by tizc Corps under the direction of the lucvey aal ti
data will be lopged on standard Survey data forms for soorare fu 4
coputer information retrieval systen. #ell ifnformatiou jartirent to
the project w#ill be sumarized and submitted as a supplencat to tha
subject report.

4. Mr. Puil Joboren (U.5.0.8.) tas requasted that the subject renort
distribution be li:tred to {n-house Corus review., elease of ¢
report outside the Zoruva «#ill regquire an adafadstrative “open t{le”
action by U.5.0.35. ALl ouvtside ruqueats for rerort copley shiould Le
referred to Mr. Joiuson {i"iS5 677->"06).

1 Inct (5 cys) HAKKT §. WILAR, J%.
as Colonal, Corps of i npineers GOy
uistrict Langineer
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ABSTRACT

Heavy siltation of Charleston Harbor has caused the US Army Corps
of Engineers to consider plans to divert the major flow of fresh water
through a new canal to be constructed from the Lake Marion-Lake Moultric-
Cooper River complex to the Santee River. The US Geological Survey
was asked to study the effect such a canal would have on the ground-
water regimen of the area.

The drilling phase of the study consisted of 33 core holes located
along and at right angles to the canal right-of-way. The purposes of the
core holes were to delineate the subsurface geology and to locate possible

sites for the observation well network. As a result, 20 observation wells

were drilled in order to monitor water levels before, during, and after

construction of the canal and power house.

As a result of the drilling program three aquifers in the study area
were delineated: aquifer 1, a shallow (40-60 feet) sand which supplies
limited amounts of water to wells; aquifer 2, a confined limestone
(90-120 feet) which is the most widely used aquifer in the vicinity
of the canal right-of-way; and aquifer 3, a sand and gravel remnant of
a buried stream channel found in the flood plain.

An aquifer test was conducted at the power-house site. Aquifer 1

and 2 were pumped separately. The transmissivity of aquifer 1 was 8§70
ft2/day (feet squared per day) (6,500 gal/day/ft) (gallons per day per

foot) and the storage coefficient was 1 X 10'1. The transmissivity of )

aquifer 2 was 455 ft?/day (3,400 gal/day/ft) and its storage coefficient o )

was 1 x 1074,
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- During construction of the power-house foundation, heavy priping

h

.. . - - . .
- of aquifers 1 and 2 will occur. Drawdowns of 80 foet or more will oo f
to be maintained within the excavation.

It appears that excessive drawdowns arealy would not occur a~ i

result of pumping aquifer 1. However, the assumed storage cocitiog -
of .1 was used to derive "u" in the Theis equation. The dr.ctoans
predicted from transmissivity and storage figures only give an ¢-tiv

as to the actual drawdowns that would take place in the aquifer JQuri:.
punping at the power house site.
Maximum drawdowns (aquifer 2) were computed without the rechur, - ..

leakance effect and minimum drawdowns were computed on the basis of

""leakage'. Considering only the effect of line-source recharge, th:
drawdowns would occur between thre maximum and minimum corputed values,
Data shows that there would be very little drawdown arealy in aquifer
if the ''leakage' assumptions are correct and a large amount of drawdown:
arealy if no recharge or leakage occurs.
The intake canal may recharge aquifers 1 and 2 as a result of head , ‘
differences between the canal and the aquifers. Some recharpec to the o
: aquifers could occur at maximum stage in the tailrace canal. Howcver, :
g
- less head in the tailrace canal would cause a decrease in the recharge , e ]
. L.
T‘ effect and stabilization of water levels between the aquifers and cansl. a‘ij
N .
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. INTRODUC T TON

Heavy siltation of Charleston Harbor has causced the S corpe o
Engineers to consider several plans to divert the naior tlow o1
water from the lLake Marion-lake Moultrie-Cooper River complox. (e o
the plans is to redivert the water through a canal to be «Jdug nortt .
St. Stephen to the Santee Kiver (fig. 1).

The canal will consist of three segments: (1) an intake canai v
Lake Moultrie to the power house, with an excavation depth to 50 e
above mean sea level (msl); (2) a power house 200 x 300 feet, with ar
excavation depth to 42 feet below msl, and (3) a tailrace canal that
from the power house across the flood plain to the Santee River, witi ...
excavation depth to 3.6 feet above msl. The Survey was asked to =tal-
the effects such a canal and power house would have on the ground w.io:
regimen of the area. This report gives an analysis of data ohtaineld,

The principal objectives of the ground-water study were: f i.-._.i
1) To analyze and predict the effects that the canal will have upon
the ground-water regimen of the adjacent areas; which includes the
definition of the geohydrologic framework of the area, the canal's ‘ o

effect upon the underlying aquifers, ground water in surficial dcpes it

and loss or gain of water in the canal resulting trom sespage; o

2) To establish a data collection network to document groun!-wiate

; conditions at the project site after the project is conpleted.
\
S Thirty-three core holes were drilled along an! ot iabt ool °

' ) "
( to the canal right-of-way. The purposes of the core heles weye to 1
& ‘1

° o |
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. delincate the subsurtface ccetocs ol 1o Too e
ohservation-well network. 0 opi dival Togs ooy
electric logs, and a fow neatr 0 oo ve an b oo

test weolls to aid in the intercooatien of the s

i
arca.  To oxpand the area of oo D ion withoa
of test holes, garay Togs wore s L2 wator o i
Willior=bury Connties In the i ooy af S, S
with o the core Indarmation aooree o b Sonstrac i, ]
' ®
octons, therebhy 1llustre i, Coatigraphy J
work of the areas Sarficial o b cance of U o o ‘:
cstabliehon bt el Creel 0 0 ol it i ! ]
) o
) 3 3
to 101 torcopt thoe ! il Thoereson ' Vil
stations on Croael dreck were oot itod These star o N B PR
ddata on o steown tlow and help o pane its relatica oo ol ot g

aischarge or recharge.

Iwonty obscervation wells wove drilled at selooted oo at oo

e

(fig. 1) to monitor pre-constinction and post-constrarvn oo iitione. )

1

and_to evaluate possible changes v the hydrotsgie o 0 o 0y

i,

a_result of construction and f17ling ot the canal. 0 0 0 vy L

well drilling program was beounn i Yorii 1973 and ’ i ' B

In meost cases, two wells were Diilledd ar cach ot

changes in two separate aquiters. All observation o1 o

e

with t-inch plastic pipe coovrr Dol o 0

that was becing monitored to gronnd level (table @

. i
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Ssing wias placed aroand tie plastic nipe, above pramd, to protect
the well,  The steel casing wias also cemented into place.  Short
(2 hours) puiping tests were i on selected wells after completion.
A submersible punp was set below the projected punping level of the
well and dravdown and recovery tests were made.  Water samples
otained during these puping tests were sent to the US Geological
Survey's labaratory for snaly-is, in order to ascertain the chemical
qrality of the water from the two aguifers, Cont inuous graphic
recorders with monthly or bi swortidy time scales were installed on
all chewervation wells. Flevations to mean sea level datum were
extabbishod by precision leveling to reference points al all obser-
vaticn wells by the Corps of foowers and the Survey. Therefore,
water Tovers are all adjnsted 1o nean sea level,
GENERAL Gebodr AND STRATIGRAPHY

Ihe =edirentary formaticns of the Coastal Plain range in age from
tipper Cretaceous to Holocene. 'ihese formations consist of sand, -lay
gravel, marl, and limestone th t have been deposited on a subsarface of
granite, schi.t, o d gnowss, The geologic formations in the St. Stephens
area include, from youngest to oldest, deposits cof liolocene, Pleilstocene,
middle Eocene (the Santee Limestone), lower Focene and Paleocene (the
Black Mingo ¥Formation), Upper Cretacerus age (the Pecdee Formation).
The contacts hetween most of the geologic formations in the Coastal
Plain and in the St. Stephens arca are represented by unconformities.

In general, the thickness of the sedimentary sequence increases from a
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thin odpe at the sariace near the Yall line, 60 to 80 miles northwest co

of’Sh; Stophens, tooas nuch oas 3,000 feet near the coast {Charleston

area).

ugjoccqg

Deposits of Holocene age consisting mostly of red and yellow sandy
clay forms the surficial fommation over most of the study area. The
thickness of these deposits range from a few feet to several tens of
feet, ' ST

Pleistocene

The Pleistocene deposits consist of a series of marine terraces 5
that cover most ot the Ceastal Plain. They consist chiefly of gray _ C
sands and clays and occur from an altitude of about 270 feet to a few
feet above sca level across the Ceastal Plain.

In the St. Stephens area, the Pleistocene deposits underlie a

mantle which consists of younger sediments in the area. Figure 2
describes a generalized geologic section of the St. Stephens area
using a garma log of test hole G5-13. As shown on the log, the
maximum thickness of the Pleistocene deposits in the study area is
approximately 50 feet. The Pleistocene deposits are divided into

two distinct units: the sands and clays of the plateau area adjacent
to the Santee River flood plain, and the coarse sands and gravel of
the flood plain itself. During core drilling, an old stream channel, e
buried under silt deposited from inundation of the flood plain by the
Santee River, was discovered. The buried remnant channel consists

of medium-coarse glauconitic sands with some gravel beds.

lealat Al ia.a A LA AP PP PP AP PP APLANSAP I I U, U U N SO W W VINE VY, Uit 1L WIS S S S Wy L. WY - N N ST
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Figure 2.--Gamma log with lithologic interpretations showing generalized N

geologic section in the St. S8tephens area. 1
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The Santee Limestone (middle Bocene), is a pure-white to crcamy-
yellow lirestone that is partly glauconitic and outcrops in a broad
belt from Berkeley County across to Barnwell County, South Carolina
(fig. 3). The limestone is soft with partially indurated shell laycrs
and lies unconformably on the Black Mingo Formation. In some places it
outcrops as a greenish, calcareous, sandy deposit with some shell layvering.
The maximum thickness of the formation in the coastal ﬁlain does not
exceed 300 fect.

The Santee Limestone occurs as a rermant in areas near St. Stepliens,
but it is not considered to be a significant geologic formation in the
project area. Figure 2 does not show any appreciable base-line shift in
the garmma log that would indicate this limestone inferring the Santee is
Pleistocene. XNo shallow limostone was recorded in the lithologic log
for core hole GS-13 or any of the other core holes drilled in the flood
plain or plateau. However, some shallow limestone was encountered
during core drilling in Lake Moultrie; this shallow limestone in the
lake could possibly be Santee. Some calcareous sand, was noted in core
holes near lLake Moultrie. These sands may be derived from Eocene deposits
reworked in Pleistocene time or some local facies change from limestone
to calcareous sand.

f.ocene and Paleocene

The Black Mingo Formation of lower Eocene and Paleocene age is the
basal formation of the Tertiary System in the St. Stephens area. The

formation consists of two distinct units: (1) dark, brittle, shale with
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thin sandstone lenses and some shell layers; and (2) gray, fossiliferons
limestone about 20-40 feet thick underlying the shale.

The Rlack Mingo Formation lies directly beneath the Pleistocene
deposits both in the plateau and the flood plain areas ncar St. Stephens.
It has been found to crop out at an altitude of about 30 feet, west of
St. Stephens near Ladytown on the Santee River. It was described by
Pooser (1969, p. 20) as, '"a marl, bluish-green, with numerous small shell

e

fragments of pelecypods and gastropods.' The Black Mingo Formation lies
at or near the surface in a broad belt that includes Georgetown, Williams-
burg, Clarendon and Sumter Counties. Total thickness of the formation in
the Coastal Plain probably does not exceed 100 feet. Numerous sink holes
as well as outcrops in the stream beds delineate the Black Mingo Formation
over a large area north and northwest of St. Stephens (fig. 3).
Cretaceous

The Peedee Formation is the youngest and uppermost Cretaceous unit
in South Carolina. It consists of greenish-gray glauconitic sandy-marl,
interbedded with thick, black clays. Outcrop areas are found in Florence,
Horry, Georgetown and Williamsburg Counties. The slope of the Peedee
Formation is in the southecast direction from the Fall Line. The formation
thickness ranges from a thin cdge near the Fall Line to 800 feet near
Charleston.

The top of the Peedee Formation in the St. Stephens area is shown
on a gamna log of core hole GS-13 (fig. 2). The altitude of the top of

the formation is approximately minus 80 feet. A distinct base-line shift

- .
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on the pamma log tndicates a o change in lithology from Yirestone (lah
Mingo Forration) to sandv clay and clays (Peedee Formation).
HY DROLOGY

Precipitation

Yearly rainfall in the arca is fairly well distributed rmonthly !
usually ranges between 10 to 50 inches per year. Over 60 inches of 1o
fell in 1964 and 1971, but during the entire year of 1953 the raintil!
totaled only 24.14 inches. Rainfall recorded from October 1973 to
Septenber 1974 was 44.09 inches in the St. Stephens area.

Surface Water

Lower Santee Basin

The flow in the lower Santee River channel consists of water rc
leased from Wilson Dam on lLake Marion plus that contributed by the
drainage arvea Jownstream from the dam, and ground-water discharge. 1he
drainage area between the Jdam and river terminus of the proposed re-
diversion canal is about 200 syuare miles. A river swamp about 3 miles
wide occupies the flood plain and cuts through the center of this drain-
age areca, which is roughly 20 miles long and 10 miles wide. ™uch of the
area is sandy, mixed with some light tan, gray, or red clay. Gravel beds
are to be found beneath the surface in the swamp area, especially in the
old buried river channel. There are some limestone outcropings and =inl-
holes, especially in the eastern half of the drainage area.

Stream{low
The flow released to the lower Santee River channel from lLake “Mirion

at Wilson Dam is usually held to a minimum of 500 cfs (cubic feet per

-18-
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secor ). However, large flows are occasionally released due to . T

excessive tlooding upstream rom Lake Marion. When this occurs, the e
. . . C o pL__ .0

lower Santee River channel overflows and inundates the adjoining )

4

. . . , . . K

3-mile wide flood-plain swamp. The stage from these high flows i3 :

. '1

recorded alinost immediately at the Survey's gaging station near ,
. . . .. - . .

Pineville, located about 2 miles downstream from Wilson Dam., Abont 33 i -

. T4

river miles Jdown stream from the dam or necar the river terminus of the R

1

. . . 1

proposed rediversion canal. These flows show up a day or two later and ]
’ L

the stage is recorded at the Survey's gaging station near St. Stephens.
Mean daily discharge is usually higher at the St. Stephens gage than .t
L the Pineville gage because generally the same rains which cause the i
P releases through the dam also cause local flooding in the arca below the ]

dam. Some of the surface water in the swamp area probably infiltrates

PR N

“he <odinents and is believed to recharge the underlying aquifers. ligh

e¢vapotranspiration rates and natural drainage back to the stream account
for the rapidity with which the swampland "dries out' after being flocded. R

During periods of base flow, when there is little or no direct run

» ®
off from rainfall in the 200 square-mile drainage area, the increase ir 1
flow bhetween the Pineville gage and the St. Stephens gage may range fro-
100 to 100 cfs, with an average over 200 cfs. Tt is believed that mo.: )
’ ®
of the water enters the stream from ground-water storage. —?
Crawl Creek (fig. 1) originating in the Pleistocene deposits -'f'} l ]
northwest ot Russellville loses about 1 cfs within two miles after 1t " "';~:
: enters the swampland. One small-drainage-area creek with a base flow B S
y N
3 4
4 .
| 1
3 » o
3 R
1
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of less than 10 ors s leplcted as it move across the flood plain and
enters the Santee River.  Several small creeks have their origin in
linestone ouicrops or sinks along the left side of the swamp, and thoese
may lose flow from place to place to the limestone formation. At lecast
cne, with a f1ow of about 1 ¢fs, issues from an opening at one side ot
4 <ink, moves across the tfloor of the sink to re-enter a hole on the
orker stde ard no flow leaves the sinks on the surface,
Surface-vater Quality
there are invutticient data available on which to base a statcment

about water quality in the small crecks in the 200 square-mile drainage

o area. ilowever, available data on the Santee River show that little or ,
t. no cnange in the chemical quality of water occurs between the Pineville
R and St Stephens gages. Maximum and minimum values of dissolved subtances
?E and physical preperties of the water from the Santee River near Pineville \
& for the period October 1951 to November 1974 are listed in table 2. —
- GROUND -WATER HYDROLDGY
- The purpose of this section is to identify the main hydrologic units )
f. in the study arca and to describe their hydraulic properties. Also, an
{ attempt has been made to identify the hydrologic characteristics and to ]
L_ discuss their effect on yields to wells tapping the main aquifers, as ) "‘ !
7’ well as to delineate the zones of ground-water recharge and discharge. 1
Aquifer Systems b
|
§ Geophysical logs and core logs wei2 used to correlate stratigraphy ) °
k. and construct geological cross-sections identifying permeable zones.
Le~atinns ot cross-sections are shown in figure 4, R
R
{ ) o
o ' .
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parallel 1o o]

Cross oweotions A-A" and B-B' (figs. 5 and 6) are
canal righrt-of-way from Lane Moultrie to the Santee River at lake
Mattassee. C(Cross-sections C-C' and D-D' (figs. 7 and 8) arc at 1.
angles to and cross the canal right-of-way near the railroad and the
power line ecasement, respectively.

the principal aquifers found in the St. Stephens arca are: (1)

shallow, water-table, sand and clay aquifer, (2) a deeper, artesian

Hrestone aquifer, and (3) a sand and gravel aquifer, which is a rermunt

PG R

of a huried river channel. In this report, these units will be referro.

E to as aguifer 1, aquifer 2, and aquifer 3.
i Aquifer 1
r i aguifer comprises the Pleistocene deposits that are found on X
{ the platean area and the adjacent Santee River flood plain. The general -tf
; cenfiguration of the top surface is shown on the structure contour map o o
(fig. 9). The surface has a regional northwest strike and dips northcus: ] 1
toward the Santee River flood plain. Aquifer 1 ranges in thickness frou
10 to 70 fect with the greater thicknesses occurring updip from the . . 4
santee Kiver flood plain. It gets thinner in the direction of the tlc.:’
plain. The sands and clays of aquifer 1 are underlain by a dark gray ]
shale that scparates it f{rom aquifer 2. : ]
* o
5 The intake canal will cut into aquifer 1 from Lake Moultrie to . _.:_f
the power house location. The proposed intake canal is a trapezoidal : .'il;
section with a 385 foot wide bottom and levees on both sides. The o ° ]
f' bottom of the canal is 50 feet above msl from the lake to the power '
E house.
j ¢ o
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J Shatlow domestic wells (30 feet or less) tap this aquifer near St
:
[ Stephens, Most of these wells are equipped with either pitcher pumps o
! shallow well jet pumps. The wells are constructed with 2 inch pipe a-
*i casing and a 5-10 feet well peint (screen) at the bottem. The maxirrm
? anount of water cach well punmps is about 10 gallons per minute.
& :
. Aquifer 2
Aquifer 2 consists of gray, fossiliferous limestone that is over
-
b
1 lain by a dJark brittle shale containing thin, gray, sandstone and shell

lavers.  lhese two lithelogic units (shale and limestone) are middle
Focene in age and are cormonly called the Black Mingo Formation. The
contiguration of the top surface of aquifer 2 is shown in figure 10.
Agnifer 2 gencrally ranges in thickness from 18 to more than 58 feet
with an aversee thickness of 37 feet. In the vicinity of the Santee
River flond plain, the shale, which is the confining layer for the lime-
stone, has been eroded in some places. In the flood plain, sections of
the limestone also have been removed by fluvial erosion.

Neither the intake canal or discharge canal are deep enough to cut

into aquifer 2. However, the base of the power house is to be 42 feet

below msi ncar center line station 598 + 50. Excavation to this depth

will at lcast partially intersect the shale layer that confines the

limestone at the power house location.

This aquifer is the primary water bearing formation in the St. S ;J

[ ®
Stephens arca, and the majority of the domestic wells in the arca b
tap it. Wells are drilled to the top of the limestone and a 3-inch ’fi"}
. >
4
]

» ®
)
9
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coov Do Liver into the Yopnation, Open hole drilling inside the & oy

o v et otedb to 10 o 1h feet into the limestone.  The wells are

Soro Tt oo b oth Gn ank oo g casor or jeot pump. The newer hones

1

rear the canal right of way have this type of finished well. Domestic

-y

Aquifer 3

Phs wmifor vepresents the nore permeable lithologic unit of

coctno o N lons per vinute are adequately met from a 3-inch well

o

Slelstor s age. 1t consists of medium-coarse, light-gray-to-green

—

L‘a .

.

Sherenitic sands and gravels. The extent of the aquifer is poorly "4
. crined e tooa luck of drill holes in areas other than the canal ]
¢ ) °
righbt of wave It ois believed, however, that this buried strcam channc!
coanders thranhout the Santee River flood plain. Aquifer 3 nmay serve
as a conduit for groumd-water Jdischarge or recharge for aquifers 1 .na
‘ ) e
- 2. Also, aquifer 3 in places cuts through the Black MMingo shale lave: C o
‘ into the limestone and hydraulically connects aquifer 1 and 2. R
- Although, the extent of this aquifer is not fully known, the teil T
e » e
race canal may cut into these deposits in some places. The cross- 1
sectional dimensions of the tailrace canal are the same as the intake ,
r capal, bt the bhase of the tailrace canal will be much lower at 3.0 _ ]
! ’ L
fret above mel,  The general topographic features of the flood plain L
are at o aititude of 20 fect above msl. The bottom of the canal twir: o s
p 50 et Saove msloeouid allow for the tailrace canal to cut at , o 4
.
Teast 16 {ect into the flood plain, thereby, intersecting the shallew
derosits of agusfer 3. i
¢ ) °
}
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Five cgitfer te-ts, tfour on oaquifer 2 and one on aquifer 3, werse

’
wio et e oo ar the dri b ling program. These tosts were
2 v o0 e own s b ed only in the proping sl N b

corsible oo hog e s pren s et in cach prmped well below the
vty water level, and drawdown and recovery water-iove!]
Jata were colbocted for euach pump test. A constant punping rate ot
proxizately 50 ¢allons per minute was used for each test,

phase of o

Aqmiter vields were obtained during the developnent
obzervation well pregram.  fach well was developed with an air coun-
pressor.  Airowas blewn through the drill rods that were lowered in
wells Yiclds were messured for each well, and an average yield for 4
auifer was detemined.  Approxirate average yields of aquifers 1, I,
and T owere 50, 1000 and 150 gallons per minute, respectively.,

Ccrothe wells tested, four (8, 10, 12 and 18) (fig. 1) were finish !
- hinde in bimestone (agnifer 27 and one well (14) was finished ns o
gravel packsd well with a slottad screen in aquifer 3. Wells comple:
mmoagiter 2 itable 3) showed a wide range of transmissivities. lowe
trap=mrssivities in Iimestone usually reflect only the amount of tricti o
ard solution openings, which can vary considerably with distance. 7%
well compioted inoaquifeor 3 bad the highest recorded transmissivit.
value, which indicated that this aquifer can definitely be an accessii!

copnduit in which large ammnts of ground water can move.

'@
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v acivities obtained frov oot

nocutves cane be oseen in table 3.0 o

il s lies for ot methiods of analysis are within agros i

Pisite, e only exception is well 14, which was completed in i

Cartial pocoetration of the agquifer by the pumping well could be

oottt s ey Petween tie Adrawsdown and specific -capacity

M e test were also conducted on wells screened in oaquifor 1.

woever clendown in those vells was excessive.,  Transmissivity valoae

- c e - - -, 2
Catel Trem s ecitic capacity tests were less than 070 ft-/Jay

Ponitieg Tactor affecting the analysis of the punping tost

Cotecervarion wells and the short duration of the test.
v raeoissivities obrained can only be estimates of the wrein
Slouate oo wnt oy meverent in the aquifers. Also, no reliable indicas
cforevsoe cofYicient can be obtained from this type of test.

Power House Aquifer Test

noApril 1973, the Corps of Ingineers designed and conducted an
citi Toer otest at the power -house site, which is located on the rodiver
caral centor lTine at station 598 + 50. The foundation base of the
voaition s to be at 42 feet below msl (90 feet below land surface,
An average drawdown of about 80 feet will have to be maintained in- .-
the power house excavation until construction is completed. Thereto:
in~1unt of the pessible extent of dewatering of the aguifers ic

buring the test, aquifers 1 and 2 were pumped separately, and draw

down and reccvery of the water levels were measured for each aguiter

33
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Vell soveens in the pumping and observation wells in aquifer 1 1id
not fully penctrate the saturated thickness of the agquifer (fig. 11).
The pumping well (30A) had 30 feet of screen, and the observation wi-11s
(S1A, S2A, 42A, WIA) only had 5 feet of screen cach, placed in the
bottom of the well.

Aquifer 1 was pumped at 140 gallons per minute for 2 days with i
maximun drawdown of 61.3 feet in the pumping well. The specific cupacity
of this well was 2.3 gallons per foot of drawdown with a static water
level of 18.8 fecet above msl. The saturated thickness of the agunifer
was defined as between the static water level and the top of the con-
fining shale bed, a distance of 70 feet.

Measured drawdowns in the aquifer 1 test were plotted against ;Q
where t = time in minutes since pumping began, and r = radius in fcet
from the pumping well. This data was matched against the Theis curve
and it was found that data from the wells (S2A and 42A) gave a good
match. The transmissivity obtained for aquifer 1 was 870 ft2/day (6,500
gal/day/ft) and the storage coefficient was 8 x 10'4. This storage co-
efficient would indicate an artisan aquifer but, the screen interval
for the observation wells 1s at the base of the aquifer. There are
some silt layers and clay layers in the aquifer above this screen in-
terval, which would give an initial storage coefficient value of an
artesian system (10"4). However, the long term pumpage and dewatering
of this aquifer would indicate a subsequent change of storage to a
water table condition. Therefore, an assumed storage value of 1 x 1o

was used to predict drawdown for long term pumpage. Table 4 shows

L .
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PUMPING WELLS 46 AND 46A
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® WELL IN AQUIFER | ]
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Figure 11.--Diagram of wells used in pump test. 1
» o
o 1
36- |
L J v e » [} [ J L J . L 4 L 4 L4 1 o 1




——

PP —

.
-
— e d
o o
conputed drawdowns at specific distances (r) from the punped well, .
The arbitrary puping rate used to predict drawdowns was 300 gallons '
°_ o
per minute. Any increase or decrease in this pumping rate would affe. t -
the drawdown (s) proportionately. The time (t) for the given drawldovns
in table 4 is after 300 days of punping. .
o L
The eyuation used to predict the drawdowns in the table is:
(Theis) s = _111.6Q  W(u); u= 1.87r’S
.r ’I‘t '
s = Drawlown in feet ® o
Q = Puping rate in gallons/minute .
T = Transmissivity. Reported in ft2/day (gallons/day/ft)
W(u) = Well function of "u" ® ® T
5 = Storage coctficient
t = Time in days
r = Radius (distance in feet from pumped well) * o
It appears from table 4 that excessive drawdowns will not occur as
a result of pumping aquifer 1. lowever, the assumed storage cocfficicent
of .1 was used to derive '"u'" in the Theis equation. The drawdowns predictod ® L
from transmissivity and storage f{igures only give an estimate as to the
actual drawdowns that will take place in the aquifer during pumping at
the power-house site. g L
Aquifer 2 was pumped at 154 gallons per minute for 2 days with a
maximum drawdown of 64.5 feet in the pumped well. The specific capacity
was 2.4 gallons per foot of drawdown with a static water level of 38,4 g ®
feet above msl. Tre pumping well and observation wells were finished a- "
® ®
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onen hole wells i the

t

Mowoired Qv dbans in

the end ot the dravdown test the plotted curves departed from the o

finestone without screen,

The caoasing wyes 0

Sve pine conented from the top ot Timestone to land surface,

t

apiifer 2 owere plotted against .. . o

r

v

curve.  ooiedown curves from wells 420 N-1 and S-3 were matoleed

A4 fanily of to e carves by Cooper (in Lohman,
wore extabli<hed for an artesian aquifer with
The transmissivity obtained frem these curves
gal/day/1) and tle storage coefficient was 1

Ife cguation wsed to predict drawdown in

1972) . [hese typr o
a ""leaky"” confin., o
was 455 ftz/duy {5,
X 10-4.

an leaky, vonfine’

[

is s = 114 6Q 1.(u,v} where L is the leakance function aof u
;

1

and voos - () 4 where KT o= hydraulic conductivity of the contining |

b= thicensss of the confining bed, T = transmissivity of the aguiter

r = radius from the pmped well in feet. As v approaches zero, [{u,v)

approactes W(u), which is the basic Theis equation for drawdown. ihe

<tundard type curve for the Theis equation is values of W(u) plott~d

1

against S whereas, in the leakance type curves L(u,v) is plotted

against L. 1he value of v from this equation is proportional to the
9]

radius {r} of the cone of depression.
arount of leakage to the aquifer and, thus, the spread of the drawlow:
cone is slowed.

(X
b'T

shows values of computed drawdown for various radii using the lcaky

The censtant value of was 3.35 x 10-4 per foot. Table !

aquifer cquation., Drawdowns were determined assuming a 300 gallone

per minute pumping rate for 300 days.

- - - - b L 4 L 4 \d \d L J L 4 L 4 L 4 L 4
. -, .
e 2 2 -‘ e 'y 2 e 4 PR S, U = S adh L ) 'l e 4

The larger the cone, the greater
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Table 4. - -Computed Jdrawdowns rrom aanifer test data.

Aprifer I

ﬁ}ﬁﬁﬁg‘;&iﬁiﬁ”"‘“*““"*fﬁi‘ia RS TR dimten

gallons/minute - _days o fv o ot

T = 8720 ft?/day (050G ppd/ft) S -1 ox to7d
360 300 fouo 9.9
300 300 3000 1.5
300 300 5000 1
300 300 9000 0

Aquifer 11

Q ot . r s s
Pumping rate in Time in Radius 1n drawdown in ft (Rechurye
gallons/minute davs ft __[(Theis only) _effect)

s
T = 455 ft2/day (3400 gpd/ft) S =1 x 1074
300 300 1000 81 64
300 300 3000 59 41
300 300 5000 49 32
300 300 9000 37 19

* Ft?/day = gallons/day/ft (Coefficient of Transmissibitity]
7.48
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Certatn reservations have to be taken into account whorn unang, |
equations. It is assumed that the capture of water from the aquifer i
discharging wells 1is, in fact, Jdue to leakage from the confining bod. i
is also assumed that the ratio K'/b' is arealy constant. The loakane
equation should only be used when there is reliable wifer test Jdata o

well as a good understunding of the local geology.

Therefore, as a result of punping both aquiters 1 and 2, drawdiwii- ORI

will probably be in a range between the maxinum and mininum drawdown
numbers. Actual water lTevel declines that will take place in the agquito
cannot be accurately predicted due to the combined ctfects of variable

lecakage and line sources of recharge.

L ®

The etfect of the pumping at the power-house site (aquifer 1 and Z) S
cannot be fully evaluated without an accurate well inventory. There will ) ;f;;
be some water level decline in aquifer 1 and 2 but what effect this will ) | "
have on local water uses 1s not known unless a well inventory is taken - : j:
which consists of the well location, depth of well and pump setting, :.f}?
type of pump and water-level measurements. The depth of well, con- , :;'

struction, and location would tell how many people are using aquiters |

and 2. Information on pump depth, type of pump and water levels

would give an indication as to what effect drawdown from the power ; ‘6 3
i —

house dewatering would have on that particular water uscr. The infur- T
mation gathered in a complete well inventory would help detcrmine an li}iﬂ:;;
deterimental effects to local water users resulting from punping to ) : o k
dewater the power house construction site, which could then be the ?
basis for contingency plans to alleviate any potential problems. é
' 9
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POTENTTIOMETRIC SURFACES AND DIREUTION OF GROUND -WATER MOVEMENG
Ground-water movenment in the St. Stephens area is generally frow
the vicinity of Lake Moultrie toward the Santee River and at right
angles to the contour lines.

Potentiometric contours for aquifers 1 and 2 (figs. 12 and 13)

show that the highest water levels occur near Lake Moultrie and gradial!

decline toward the Santee River. Water levels about 75 feet above msl

near Lake Moultrie and are generally less than 20 feet above msl in

the flood plain. Water level contours of aquifers 1 and 2 are similua:

and an increase in the water-level gradient occurs near the flood pluin

where the topography changes. Potentiometric contours in aquifer !
usually follow the topography. The water surface in the upper sands
generally lies within a few feet of land surface, and the distance
between points of recharge and points of discharge (nearby streams)
is relatively short. The similarity in contour maps for aquifers 1
and 2 can probably be attributed to a common recharge and Jischarge
area. However, the variation in thickness of the confining layer
and the close agreement of the potentiometric surfaces would suggoent
some degree of hydraulic connection between aquifers 1 and 2. Watcr
levels of aquifers 1 and 2 and the channel fill (aquifer 3) appear te
merge in the flood plain and the stage in the river possibly affect:
water level fluctuations in all of them.

Minimum water levels were observed in all observation wells
in the study area in November 1973. Water-level declines in the
flood plain can possibly be attributed to either low water stages in

the Santee River, ground-water discharge to the river, or evapotran:
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- . st rver, coonnd wator dischiarge to the river, or eviaps RO

1 Cooieoizato . Onothe platean Jdeclining water levels are prolibly -

K Lo
berooo benn cwvwise, tack of procipitation, ground-water Dby

to the 1iver, or high evapotranspiration rates.

n fonve 11 shows hvdrographs for wells 11 and 12, The locntio : -
. » .0 .
~ ‘ L - ]
ooedlre s shoenin figure 1.0 These hydrographs are ropie ot . T4
.t . L
- -

tor Tevel fluctoations for aquifers 1 and 2. hwell 11 repo

YrYyY v — rv
-
14
B
s
.

I b

( v toon aguifer §oand well 12 represents those In aguifc: ’ .
oo ifreronce in water levels between the two hydrographs s apyc - .

ot

cole 2 rer, indicating no apparent hydraulic connection

at this well site. The initial high water level b ’

T YT T T T e vy
-

oSt dee to innndation of the flood plain by the Suntee River.

Lronnd water cradient in the flood plain reversed causing higher o
‘ Povele dnowedis o adioaoent to the fleood plain.  As shown in the grapt., - N
ot sater levels declined as the high water in the {lood plan .-’
‘ "L votentiornetric surface of aquifer 1 and 2 is about 75 fec:
above m2] near lake Moultrie and gradually declines to about 0 {cet )
Sear the poscer-hoase site. Figure 15 shows the potentiometric o

cooaquiiers boand 2o through the center-line profile of the vanng,

o el T e

ceoren et Tovel of the proposed Intake canal 1s 6w et )
Pl oifig. sy, iherefore, the intake canal may recharge the dgon
dn o e~ of head differences between the canal and the oonifer .
] . . . - e . 4
oo ring daver between aquifer 1and 2 ois not uniform oot - ) P
ard downvard Teakave mav occur from the intake canal threngh the o]
nalion aedls to the limestone. ]
)
L
' ®
]
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e ec b ater ol 0 caiers Toand I fhactuate toer 0
! the vt i Moawt of the tdiliace canal oeid
e vl e sy e ot River. The paximuen wnton

cp et raee canal is S teer above msl. tThe 23 oot level wiid

caro e e polease ot 2S00 cubie feet per second. the

S e Wi he b 0 (o e feot per second with oapp o
< Ve revharge to the aquifer coulld occur ut
i s i the sacall foaover, less head in the tailrace
a o decrease o the recharge effect and an stabilization
teoen the aquifers and canal.
GROUNTY-WATER CHEMTCAL QUALTTY
ool wrrer, under nermal conditions, is usually nore i hoo

alicod chan surface water.  The chemical quality of proen !
Tty oontvottoar byothe -~oluble mineral constituents ~f the
s ter retertial or water-bearing unit in which the water slowly
Toves toroa long period of time.  The concentrations of dissolve !
constiteents in ground water generally increase with greater depth

it ogreater distance {rom the source of recharge (Back, 1903).

1

staitel chemical analyses of water samples from selected welin

wooeo b taited tres the Sarvey's laboravory.  Samples of water frev

4

wells oo, B0 12 and 14 (rabdc B) were collected for analvsis at tis

Ssion o e Jdeveloprent phase of well construction., Cleasur.

Aotep ot e, pel, A el tanee were obtained in the {icld.

Yoot the analyses show a reasonably high bicarbonate (1o

o ent . owntoh 1s characteristic of limestone waters in the Coastal

BN

|
L

. .o
s’ a' o

vy




Plain.
channel,

GHe 0 g

chapge in both pH, bicarbonate, and iron content and indicate o

niNing between water in the itlood plain Jdevosicte and e Tireron
b 1

as corenhint dower, lolnto Man annual air temporatine deooq
TUTT, st of the Tire<tone wells reflect average (o 1
wondd s tadicate the waters weve contined for a reasonable length or o
he water terperature of 16,570 from wells finished in the flood piai
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water trom inundation of the flood plain by the Santee River.
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isothie only sample ohtained from wells in the Sloog o1, C ]

toodnunaation Juaring Jdrilling. This analv-is shows oo

woter fenperature
crotomperatures were casured as othe wells were dridled, .
\ ;

tomperature of the water for wells finishad in 1i

from a well finished in flood plain

talicare pessible mixing of ground water and cooler suriac.
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) o
UMY o
ine Jdeiliing phase of the srady consisted of 33 core holes e 0 LY

: : . ..o

along and avr right anules to the canal right-of-way. fle purpos o0

- the core holes were to deliucate the subsurface geology and to locat o K
- pous<ible sites for the obscervatjon-well network. As a res=unlt, 20 .
q ’ o
- observation wells were drilled to monitor water levels before, JlLurio .
X o
[ and after construction of the canal and power house. T
o
b - .- . . ) e
| Three wquiters in the stuldy arcea were delineated:  agquifer 1, :

a shallow (40-60 feet) sand which supplies limited amounts of water to

1

shallow wells; aquifer 2, a confined limestone (90-120 fect) which '

| is the most widely used aquifer in the vicinity of the canal right- )
| ¢ ) ®
of -way; and aquiter 3, a sand and gravel remnant of a buried stream d

channel {ound in the flood plain. )

An aquifer test was conducted at the power-house site. Aquifer ’ B

’ L

and 2 were prumped separately.,  The transmissivity of aquifer 1 was 87+ R

4

square feet per day (6,500 pallons/day/foot) and the storage coefficicn! :

1 g

was 1 x 10 °. The transmissivity of aquifer 2 was 455 square feet

per day (4,000 satltons/day/foot) and its storage coefficient was

1 xoed, o

Puring constructijon of the power-house foundation, heavy punping I

of aguifers 1 and 2 will ccrur. Drawdowns of 80 feet or nore woulil Ty
need to bhe naintained within the excavation. S
[t appears that exces=sive drawdowns would not occur s a result , . k
of pumping aquifer 1. However, the assumed storage coefficient of .1
was used to derive "u'" in the Theis equation. The drawdowns predict -d
’ [
-50-
| [ L o o ® L o o L | ® L J ® L L4 ®




Fll TR—— T - [l Y 3 et Y JhA e M M A e 4 S e s Y el Bl MR 20t Shatl el Mnaicih oty Aai il i St Mot Satird
. P . . - B . . .o - . . S R - Pl

3
q
p - -
b .
{ -. - - . - - .
; from transnissivity aod storaee figurey only give an estimite as ta oo Y.
p . . }
actual drawdowns that would take place in the aquifer during parmping R
V.- @
3 :
at the power honse site, :
1
Maximum drawdowns (aquifer 2) were computed without the rechuarye ?
.. !
or leakance eitect and winbmun Jdrawdowns were computed on the busis .
’ o
of "leakage™. Uonsidering only the effect of line scurce recharge,
the drawdowns would ecour betwoen e maximer and mininun maders., .
Data shows that there would be very little drawdown in aguifer 2 if ) ° :
the "leakage' assumptions are correct and a large amount of drawlown .
1
. . |
1f no recharge oo leakase oconrs., ‘
)
Potentionetric contours of aquifers 1 and 2 show that the higtest ) °
water Teveis occnr near Dake Moultrie and gradually decline toward th. : -
Santee River.  Potentiouctric contours in aquifer 1 usually follew tie .
opography.  The <imiiarity in contour maps for aquifrrs 1 and 2 - ) °
prot ably be attributed to a comaon recharge and dischirge area for @ :
aquifers. Water levels of all three aquifers appcar to rmerype in the . -
flood plain and the stage in the river possibly affects water lovel ) °
fluctuations in all of them,
The potentiometric surface of aquifers 1 and 2 i< atout 7L o
above msl near lLake Moultrie arnd gradually declines to abomt 0 o ) °
near the power-hous. site. The maximmm water level of the propo-od
intake canal is 76.8 feet above msl. Therefore, the intake canal i
recharge the aquifers as a result of a head difference between the ) °®
canal and the aquifers.
' o
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. e cinemm water level of the tailrace canal is 24 {eet aboave .
3 .
b . s . . ‘
o recharpe to the agquifers could occur at maximurn stage in 4
g —-®.
I ol Hlowever, lees bead in the tailrace canal would cause a ]
Jocrea o in the recharge eftfect and an equalization of water levels i
! oo agquiter and canal, T
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